To evaluate the effect of intracameral phenylephrine/ketorolac (1%/0.3%) during cataract surgery on the use of iris fixation ring and surgical time in patients with poor pupil dilation (#5.0 mm) or intraoperative floppy iris syndrome (IFIS). Setting: Private practice outpatient surgical center. Design: This retrospective analysis was conducted from January 1, 2014 to October 7, 2015.
Introduction
In the United States, an estimated 50% of cases of low vision are attributable to agerelated cataract. 1 In most patients, cataract surgery is successful in restoring vision
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Visco and in significantly improving daily functioning and quality of life. [2] [3] [4] The overall risk of surgical complications is low, with any single complication estimated to affect fewer than 5% of cataract patients overall. However, when miosis occurs during surgery, the surgical field is restricted, and the risk of surgical complications such as tissue damage, retained lens material, and vitreous loss is increased. [5] [6] [7] [8] Patient-specific factors including diabetes mellitus, pseudoexfoliation, and intraoperative floppy iris syndrome (IFIS) are also known to increase the risk of intraoperative miosis or inadequate pupil dilation. 6, [9] [10] [11] When intraoperative miosis occurs, the surgeon has a choice in pupil management. Typically, the first approach is intracameral injection of a pharmaceutical mydriatic agent such as epinephrine or phenylephrine or injection of ophthalmic viscoelastic devices to enhance mydriasis. 12, 13 If miosis persists, the surgeon may choose to insert a pupil expansion device to maintain adequate pupil size or manually stretch the pupil to manipulate the surgical field.
12-14 The use of devices or surgical techniques to maintain mydriasis can lead to iris damage and other surgical complications.
The purpose of this study was to examine the effect of intracameral phenylephrine/ketorolac compared to intracameral epinephrine on the frequency of iris fixation ring use and on surgical time in patients identified to be at risk for intraoperative miosis before surgery.
Materials and methods
This retrospective analysis was conducted from January 1, 2014, to October 7, 2015, and included cataract surgery patients identified to be at risk for intraoperative miosis before surgery and, therefore, anticipated to require the usage of an iris fixation ring to maintain adequate surgical visualization and pupil management. The inclusion criteria were 1) patients who were required to have a pupil dilation of #5.0 mm with topical mydriatics at presurgical examination or 2) a history of IFIS during cataract surgery in the fellow eye. Patients undergoing routine cataract surgery consultation were dilated with tropicamide 1% and phenylephrine 2.5% and underwent fundus examination 20-30 minutes later. Patients with dilated pupils #5.0 mm, determined using a 5-mm light beam over the pupil diameter, were flagged as possible complex surgical cases. For patients in whom the operating surgeon had difficulty with IFIS in the first operative eye, the second eye was flagged as "possible complex" on the surgical schedule. IRB approval and patient written informed consent were not sought as our institution allows for the secondary use of patient data without patient identification and reporting of only composite data.
The following data were captured from the medical records of each patient: sex, age, axial length, date of surgical procedure, surgical time, use of an iris fixation ring, use of femtosecond laser, history of alpha-1 antagonist medication use, and agent added to the ophthalmic irrigation solution (ie, epinephrine or phenylephrine/ketorolac).
All patients received a 2-day preoperative course of topical nonsteroidal anti-inflammatory drugs (NSAIDs) and day-of-surgery preoperative dilation using topical cyclopentolate 1%, tropicamide 1%, and phenylephrine 10%. Based on the insurance coverage, either phenylephrine/ketorolac (1%/0.3%, Omidria ® ; Omeros Corporation, Seattle, WA, USA) or epinephrine 1:1,000 w/sulfites were added to the ophthalmic irrigation solution and delivered intracamerally at the start of the procedure and in the irrigating solution throughout the surgery. All procedures were performed by the same surgeon (DV).
Statistical analysis
Summary statistics were calculated to describe patient demographic information for each group, including mean and median patient age, percentage of male patients, mean axial length, and number of patients with a history of alpha-1 antagonist use. Due to small sample size, Wilcoxon rank-sum or Fisher's exact tests, as appropriate, were used to compare summary statistics between phenylephrine/ ketorolac and epinephrine groups. Mean surgical times were compared between the group receiving phenylephrine/ ketorolac, epinephrine with no ring use, and epinephrine with ring use, with a Wilcoxon rank-sum test. The Bonferroni method was used for multiple comparisons. Statistical significance was defined as a p,0.05. Statistical analyses were performed using Stata v. 11.0 (StataCorp, College Station, TX, USA).
Results
A total of 46 cataract surgery patients at risk for intraoperative miosis were included in this study. Patients received either phenylephrine/ketorolac (n=10) or epinephrine 1:1,000 with sulfites (n=36) in the ophthalmic irrigation solution administered intracamerally at the start of surgery and in the ophthalmic irrigation solution throughout the procedure. All patients underwent standard phacoemulsification except for two patients in the epinephrine group on whom femtosecond laser-assisted cataract surgery was performed. Demographic characteristics were similar between groups (Table 1 ). In the phenylephrine/ketorolac group, the mean age was 75.5 years and 50% of patients were male. In the epinephrine group, the mean age was 79.1 years and 47% of patients were male. 
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Phenylephrine/ketorolac in patients at risk for intraoperative miosis Iris fixation rings were used in 18 patients in the epinephrine group (50%) compared to no rings used in the phenylephrine/ketorolac group (Table 2; p=0.0034). Of the six patients in the epinephrine group who had a history of alpha-1 antagonist use, four (67%) required an iris fixation ring during surgery, a rate slightly higher than the overall rate of iris fixation ring use in the epinephrine group. The mean surgical time was significantly shorter in patients receiving phenylephrine/ ketorolac compared to those receiving epinephrine ( Table 2; 10.1 and 14.3 minutes, respectively; p=0.0068).
In the epinephrine group, among patients who did not require an iris fixation ring, the mean surgical time (±SD) was 11.6 (±3.45) minutes, while, among epinephrine patients who required an iris fixation ring, the mean surgical time was 17.1 (±6.51) minutes (Figure 1 ). The mean surgical time for the phenylephrine/ketorolac group was numerically shorter than that for the group receiving epinephrine with no iris fixation ring, although the difference was not statistically significant (10.1 vs 11.6 minutes, respectively). The mean surgical time for the phenylephrine/ketorolac group was significantly shorter than that for the group receiving epinephrine who also required an iris fixation ring (10.1 vs 17.1 minutes; p=0.0002). Similarly, the mean surgical time for the group receiving epinephrine and no fixation ring was significantly shorter than that for the group requiring rings (11.6 vs 17.1 minutes; p=0.0042).
Discussion
This was a retrospective analysis of patients with poorly dilated pupils (#5.0 mm with topical tropicamide 1% and phenylephrine 2.5%) or a known history of IFIS. Intracameral phenylephrine/ketorolac significantly reduced the need for iris fixation rings in patients at risk for intraoperative miosis. None of the patients receiving phenylephrine/ketorolac required iris fixation rings compared to 50% of patients receiving intracameral epinephrine.
The mean surgical time was significantly shorter for patients in the phenylephrine/ketorolac group than in the epinephrine group. An important factor in the difference in surgical times between these groups is the large percentage of epinephrine cases that required iris fixation rings. In comparing mean surgical times, an analysis was undertaken across three groups: patients receiving phenylephrine/ketorolac, patients receiving epinephrine who did not require an iris fixation ring, and patients receiving epinephrine who did require an iris fixation ring. There was a numerical but not statistically significant difference between the two groups in which rings were not used (ie, phenylephrine/ketorolac compared to epinephrine with no iris fixation ring use), but there was a pronounced difference in surgical times between the group in which iris fixation rings were used compared to each of the other two groups. There may be a variety of factors contributing to the shorter surgical times in the phenylephrine/ ketorolac group, and a larger sample size could help identify these factors.
A femtosecond laser was available for use according to the surgeon's routine clinical practice. In this study, all patients who underwent femtosecond laser-assisted surgery happened to be in the phenylephrine/ketorolac group. It has been shown that femtosecond laser treatment can cause miosis or result in a smaller pupil size at the time of phacoemulsification. 15 Therefore, the use of femtosecond laser would likely increase the risk of requiring iris fixation 
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Visco rings in the phenylephrine/ketorolac group; however, in this study, none of the patients in that group required mechanical dilation. The patients included in this study were those with known risk factors for intraoperative miosis, which may overestimate iris fixation ring use if attempting to generalize these results to a broad population of cataract surgery patients without these risk factors. It is notable that the results showing a lower rate of iris fixation rings and shorter surgical times in the phenylephrine/ketorolac group are consistent with other studies examining these factors. 16, 17 Other studies, conducted in the general cataract population, found that phenylephrine/ ketorolac is associated with lower rates of pupil expansion device use and shorter surgical times when surgical times are analyzed. All surgical procedures in this study were conducted by a single surgeon over a relatively short time frame, and all patients received the same preoperative medication regimen, so it is unlikely that there were treatment variations beyond the use of phenylephrine/ketorolac or epinephrine.
There were no patients with a history of alpha-1 antagonist use in the group receiving phenylephrine/ketorolac and six patients with a history of alpha-1 antagonist use in the epinephrine group (difference is not statistically significant). Of the six patients in the epinephrine group who did have a history of alpha-1 antagonist use, four (67%) required an iris fixation ring during surgery. The rate of iris fixation ring use in these patients is only slightly higher than the rate in the epinephrine group overall. A larger sample size would be necessary to capture a more precise picture of patient risk characteristics and their effects on the use of pupil expansion devices.
Conclusion
In cataract surgery patients with known risk factors for intraoperative miosis, the use of intracameral phenylephrine/ ketorolac resulted in significantly reduced use of iris fixation rings compared to the use of intracameral epinephrine. This reduction in use of iris fixation rings would likely reduce the number of patients who experience complications due to mechanical pupil management. Furthermore, the surgeon's determination that iris fixation rings were not needed in these high-risk patients indicates that their pupils were manageable with phenylephrine/ketorolac alone, decreasing the risk of all complications associated with small pupils. Surgical times were also significantly shortened by an average of 2.9 minutes in patients who received phenylephrine/ ketorolac compared to those receiving epinephrine. Patients who required iris fixation rings also had significantly longer surgical times compared to those who did not require rings. Intracameral phenylephrine/ketorolac administered in the irrigation solution during cataract surgery may result in fewer complications due to pupil management and due to small pupils and may allow higher surgical throughput with overall shorter surgical procedure times.
